Introduction
Melastoma malabathricum is a shrub that belongs to the Melastomatacea family and it is locally known as "pokok senduduk". It has oblong leaves, purple flowers and deep purplish-blue fruits. Fruits of M. malabathricum are technically classified as berries. The seeds are orange in colour (Wong, 2008) .
Fruit pulp of M. malabathricum contains anthocyanin (Janna et al., 2006) . Anthocyanins are natural, water-soluble and non-toxic compounds suitable for a wide range of applications. Anthocyanins have become well-known alternatives to synthetic dyes (Andersen and Jordheim, 2006; Espin et al., 2000) . However, anthocyanins are susceptible to colour deterioration during storage. This delays their potential for commercialisation (Cabrita et al., 2000; Cai et al., 1998; Mazza and Brouillard, 1990; Tsai et al., 2002) . According to Mazza and Brouillard (1990) , the colour stability of anthocyanins depends on a combination of factors, such as the structure and concentration of the anthocyanin, pH, temperature, light and the presence of complexing agents such as phenols and metals. In the food industry, for example, the thermal impact during processing enhances the formation
The current issue and full text archive of this journal is available at www.emeraldinsight.com/0369-9420.htm of degradation products that results in colour loss (Sadilova et al., 2009) . In this work, the effect of heat and storage temperature on the stability of anthocyanin colourant from M. malabathricum mixed with polyvinyl alcohol (PVA) to form a basic coating system is studied. Results will be analysed in terms of the intensity rate percentage (IRP). The effectiveness of ferulic acid (FA) added to the colourant-polymer mixture in stabilising the colour of the coating is also examined.
Materials and methods

Plant materials
Fruit pulp of M. malbathricum, Figure 1 , was chosen as source of anthocyanin natural colorant. The raw material used for this was extracted from plants grown in the state of Kelantan, Malaysia. To obtain a good quality extract, fully ripened fruits were collected and kept at 2 18^28C before the extraction was performed.
Natural colorant extraction
A 50 g sample of the fruit pulp from M. malabathricum was dissolved in 0.5 per cent trifluoroacetic acid (TFA) solution in methanol. The mixture was stirred at room temperature for 3 h using a magnetic bar. The solutions were centrifuged for 10 min at 10,000 rpm. The supernatant liquids were then filtered using Whatman Paper No. 1 to remove any traces of residue. After filtration, the methanol was removed by evaporation under reduced pressure at relatively low temperatures (,308C). The aqueous concentrates were placed in a separating funnel and an equal volume of ethyl acetate was added to separate polar and non-polar compounds. The non-polar compounds included chlorophylls and stilbenoids. After separation, the polar natural colorants were collected and subjected to vacuum evaporation for two days.
Sample preparation
After two days evaporation, the polar colorants were mixed with 30 per cent PVA to form a coating system and 1 ml of 0.5 and 1 per cent ferulic acid was added to improve stability of the anthocyanin-PVA mixtures. All samples were prepared in triplicate.
For the thermal stability studies, liquid samples of the anthocyanin-PVA mixtures with and without FA were put into glass tubes with screw caps and placed in water baths at 80 and 908C for 30 min. The samples were then cooled to room temperature before absorption spectroscopy was carried out. For the storage temperature study, the liquid samples were coated on glass slides kept overnight in the dark for curing before exposure to different storage temperatures (30, 40 and 508C) in an incubator. Absorption spectroscopy was then carried out.
UV-Vis spectroscopy
The stability of the coating system in the liquid state and in film form with and without FA was determined by calculating the IRP from the absorption spectrum in the wavelength region from 400 to 800 nm. The Shimadzu UV-3101PC spectrophotometer was used for this analysis.
The heated liquid coating mixtures were cooled to room temperature. Absorption spectroscopy was carried out several times until the maximum absorbance reached equilibrium at say, A o . The samples were again heated to 80 and 908C for 30 min, cooled and absorption spectrum was again taken. The procedure was repeated until heating time was 180 min.
The coating films subjected to different storage temperature were also cooled to room temperature. After A o has been determined, the maximum absorbance was taken every 24 h after storage. Procedure continued for 30 days.
Intensity rate percentage
The constant maximum absorbance of the liquid samples heated to 80 and 908C for 30 min in the water bath was used to calculate the IRP:
Here, A t is the maximum absorbance on day t. The same procedure was adopted for the samples stored at 30, 40 and 508C in the incubator. Absorbance after one to 30 days was obtained at 24 h intervals.
Results and discussion
The colour of the anthocyanin extract is dark blue inferring that the anthocyanin exists in quinonoidal base form (Calvacanti et al., 2011) . The pH of the extract is ,5.8. Figure 2 shows the absorption spectrum of the anthocyanin-PVA liquid blend without FA after heating at 80 and 908C for 180 min. From the absorption spectrum at different heating cycles, Tables I and II that list the difference in maximum absorbance (DA max ) and shift in wavelength at which maximum absorbance occurs (Dl max ) can be established for the untreated samples. Maximum absorbance is observed to decrease after every 30 min heating cycle. Kirca et al. (2007) have also reported similar observation. The decrease in maximum absorbance is more profound when the blend is exposed to a higher heating temperature of 908C. Since PVA does not absorb in this wavelength region, the decrease in maximum absorbance must be attributed to the degradation of anthocyanin. The thermal degradation of anthocyanin is accompanied by a browning effect. The browning is clearly visible after the sixth 30 min heating cycle, i.e. after 180 min of heating.
Figure 1 Fruit pulp of M. malabathricum
The browning of the natural anthocyanin colourant is due to the production of chalcones (Patras et al., 2010) . The difference in maximum absorbance (DA max ) and the shift in wavelength at which maximum absorbance occurs (Dl max ) for the anthocyanin-PVA blends containing 0.5 and 1 per cent FA are listed in Tables III-VI. It is immediately realised that the maximum absorbance has increased after every 30 min heating cycle for the samples heated at 80 and 908C. The colour of the anthocyanin-PVA liquid mixture was enhanced with addition of FA and the enhancement is greater in the 1 per cent FA containing mixture. The enhancement is however lesser for the 1 per cent FA containing mixture heated at 908C compared to the hyperchromic shift for the 1 per cent FA containing mixture heated at 808C. This again reveals the effect of temperature on anthocyanin stability. Compared to the mixture without FA, the browning colouration was not observed even after 180 min Figure 3 shows the plot of IRP versus heating time at 808C for liquid coating samples with and without FA. The same trend can be observed for the sample heated at 908C, Figure 4 . The highest increase in IRP (,50 per cent) is obtained for the 1 per cent FA added mixture heated at 808C followed by an increase of , 34 per cent for 0.5 per cent FA added mixture. For the sample heated at 908C, the highest increase in IRP is , 48 per cent for the sample containing 1 per cent FA followed by the sample containing 0.5 per cent FA (, 20 per cent). The results obtained in this work is similar to that of Abyari et al. (2006) who reported the increase in absorbance with increasing copigment concentration. The hyperchromic shift is an indication of the occurrence of copigmentation which results in the FA acting as a protective layer preventing nucleophilic attack of water on the anthocyanin molecules (Rein, 2005) . Figure 5 shows the absorbance of anthocyanin colourant from M. malabathricum blended with PVA with and without the addition of FA at different storage temperatures. From Figure 5 (A), the maximum absorbance for anthocyanin-PVA blend without FA decreases with time (up to 30 days) due to anthocyanin degradation with temperature. The decrease is greater for storage temperature of 508C. These result concurred with results reported by Janna et al. (2007) and Bakhshayeshi et al. (2006) . High storage temperatures lead to the destabilisation of the molecular structure of anthocyanins (Bakhshayeshi et al., 2006) . On the other hand, the addition of FA increased the anthocyanin colour stability during storage. The results obtained showed that the addition of 0.5 per cent ( Figure 5(B) ) and 1 per cent FA (Figure 5(C) ) improved the stability of the anthocyanins-PVA mixture by increasing the intensity of absorbance over time throughout the entire storage period. This indicates that FA is a good colour enhancer. The basic chemical structure of FA is shown in Figure 6 . Figure 7 shows the difference in maximum absorbance (DA max ), while Figure 8 shows the shift in wavelength at which maximum absorbance occurs (Dl max ). The results presented in the two figures are based on changes that occur at the storage temperature of 508C. From the results, addition of 0.5 and 1 per cent FA increased the hyperchromic (DA max ) and bathochromic shifts (Dl max ) with time. For the untreated anthocyanin-PVA blend, there is a large decrease in (DA max ) with time. These results are comparable with the study by Yawadio and Morita (2007) , in which the addition of carboxylic acid improves the colour of the mixture during four weeks of storage. The colour enhancement is also measured in terms of bathochromic shifts. The addition of 1 per cent FA exhibited the highest increase in intensity compared to the addition of 0.5 per cent FA. Intermolecular copigmentation reactions are most likely to be responsible for the colour enhancement. Besides, FA can also absorb heat thus protecting the anthocyanins, resulting in increased stability and lifetime of the samples (Jordheim, 2007) .
The above results have been analysed in terms of IRP. Figure 9 shows the graph of IRP versus storage time at 508C for anthocyanin-PVA coating on glass substrate with and without the addition of FA. It can be observed that the IRP for samples without FA are strongly reduced. This result is comparable to the results reported by Qin and coworkers (2010) , which stated that the maximum absorbance decreased with time while the percentage colour loss, gradually increased and this trend is most obvious at higher temperatures. However, results from samples containing FA in the present work showed IRP increase during storage. IRP is higher from the samples with addition of 1 per cent FA, followed by 0.5 per cent FA, the percentage of increase in maximum absorbance being ,40 and ,20 per cent, respectively. It can thus be inferred that the addition of FA enhanced intensity of the coating during storage. Gauche et al. (2010) also made similar observations in liquids samples containing mixture of anthocyanin and carboxylic acids.
Application in coating technology
Coatings include binders, colourant, solvents and additives. In this study, natural colourant (anthocyanin) was chosen from the fruit pulp of M. malabathricum while PVA as a binder, distilled water as solvent and FA as additive. The anthocyanin-PVA coat on glass is shown in Figure 10 . Based on the above findings in this study, the stability of anthocyanin blended with 30 per cent PVA during storage period at high temperatures improved with the addition of FA. In addition, nowadays, apart from application in food industry, anthocyanin is an alternative to replace synthetic colourant in paint and coating technology. This is due to natural colourant safety and health benefit as well as strong consumer demand for more natural products (Wong, 2008) . Hence, anthocyanin from fruit pulp of M. malabathricum which is natural, water-soluble and non-toxic is found suitable as an alternative source of natural colouring agent. Potential applications include water-based paints and nail varnish.
Conclusions
Anthocyanin colourant can be enhanced and stabilised by the addition of a stabilising additive or copigment, even at elevated temperatures. The natural colourant from the fruit pulp of M. malabathricum blended with 30 per cent PVA was successfully enhanced by the addition of FA. The untreated samples underwent colour loss with time during storage at elevated temperatures. The addition of 1 per cent FA to the anthocyanin-PVA blend improved the colour intensity more than the 0.5 per cent FA containing mixture. From the results obtained, anthocyanins from the fruit pulp of M. malabathricum can be a potential source of natural colourants for the coating industry possibly in water-borne paints and/or as nail varnish. 
